This paper describes three patients who presented with the clinical and radiographic picture of increased transradiancy of one lung. Each case bore a close resemblance to those studied by Macleod (1954) . A satisfactory explanation of the phenomenon has not yet been made. Microscopical examination of the abnormal lung has been limited to descriptions by Swyer and James (1953) and Dornhorst, Heaf, and Semple (1957) . Observations on the functional impairment of the abnormal lung are few (Dornhorst et al., 1957) , so an attempt has been made in this group to investigate this aspect by physiological methods applicable to pulmonary disease in man.
This paper describes three patients who presented with the clinical and radiographic picture of increased transradiancy of one lung. Each case bore a close resemblance to those studied by Macleod (1954) . A satisfactory explanation of the phenomenon has not yet been made. Microscopical examination of the abnormal lung has been limited to descriptions by Swyer and James (1953) and Dornhorst, Heaf, and Semple (1957) . Observations on the functional impairment of the abnormal lung are few (Dornhorst et al., 1957) , so an attempt has been made in this group to investigate this aspect by physiological methods applicable to pulmonary disease in man.
CASE REPORTS CASE 1.-A machinist, aged 34 years, was referred for investigation after recovering from an acute respiratory infection. A chest radiograph taken by the Sheffield M.M.R. Unit had revealed abnormal transradiancy of the right lung.
At the age of 5 years he suffered from pneumonia and since had been prone to recurrent attacks of bronchitis. He usually had a morning cough and a little mucoid sputum. Physical examination revealed a well-developed man in whom abnormal findings were confined to the chest. Diminished expansion, hyper-resonance, weak breath sounds, and fine inspiratory rales were found over the whole of the right lung. Radiography showed mild reduction in size but increased transradiancy of the right lung, which appeared to be oligaemic. Fluoroscopy showed normal ventilation of the left lung, whereas aeration and de-aeration of the right lung was negligible. The inspiratory phase was associated with movement of the heart towards the right, while during expiration the mediastinum was displaced towards the left. A radiograph taken in full expiration showed airtrapping, affecting the whole of the right lung. The right diaphragm showed restricted movement but was not paralysed.
Bronchoscopy showed that the main bronchi were normal. Bronchography revealed slight distortion of the bronchial pattern of the right lung. The small peripheral branches of the right middle and lower lobes did not fill completely compared with the normal distribution and pattern of the left bronchial tree. There was no bronchiectasis (Fig. 1) . Pulmonary angiography showed that the right pulmonary artery was of normal size, but its major branches to the three lobes were reduced in calibre and the number of the small branches throughout the whole of the right lung was much diminished (Fig. 2) On examination there was diminished expansion of the left side of the chest over which breath sounds were weak and associated with persistent fine inspiratory rales confined to the left lower lobe and the lingula.
A chest radiograph showed that the left lung was rather small and abnormally transradiant as though from relative oligaemia (Fig. 6) . On fluoroscopy the right lung filled and emptied freely and to a normal extent whereas the left lung failed to empty even in forced expiration. At this phase the mediastinum was displaced greatly towards the right, but there was little upward movement of the left diaphragm (Fig. 7) .
On bronchoscopy, the major bronchi appeared lwio.
group.bmj.com on June 8, 2017 -Published by http://thorax.bmj.com/ Downloaded from PHYSIOLOGICAL STUDIES The physiological investigation can be conveniently divided into four parts: (1) An assessment of combined function of the two lungs; (2) a study of the differential function of the two lungs; (3) an investigation of air flow into and out of each lung under general anaesthesia with muscular relaxation; (4) blood gas analysis.
(1) COMBINED FUNCTION OF THE Two LUNGS.-Studies of overall function of both lungs were made on each patient. The lung volumes and mixing efficiency were estimated by the closed circuit method using helium in air as the mixing gas (Bates and Christie, 1950) . Ventilatory function was estimated using a Gaensler vitalometer by measuring the percentage of forced vital capacity expelled in one second from which the indirect maximum breathing capacity (M.B.C.) can be predicted (Gandevia and Hugh-Jones, 1957) . Lung compliance was studied from tracings of flow rate, oesophageal pressure, and tidal volume. These were recorded simultaneously on a Cambridge multichannel unit. Measurements of oesophageal pressure were made using an air-filled balloon 0.6 cm. in diameter (Mead, Mcllroy, Selverstone, and Kriete, 1955) attached by a catheter of 1 mm. bore to a water-filled manometer. The flow rate was obtained from measurements of the changes in pressure across the diaphragm of a Lilly pneumotachygraph. The outlet of the pneumotachygraph was attached to a Kennedy light-weight spirometet from which recordings of tidal volume were taken during periods of quiet respiration. Construction of pressure volume loops gave a measurement of lung compliance.
The results of these procedures are given in Table I . Ventilatory function and mixing qualities showed mild impairment although the vital capacity was not reduced markedly. In Case 2 the chest was not compressed before inflation and the lung not connected to the spirometer had a free airway. It was found that the time required to inflate the abnormal lung with a given volume of air was about 10 times that required when inflating the normal side with the same volume of air. No change in oesophageal pressure was noted on inflation of the abnormal lung, but a rise in oesophageal pressure of 7 cm. of water developed on inflating the normal lung. The flow rate of air out of the abnormal right lung was presumably insufficient to prevent a rise in oesophageal pressure when inflating the normal lung. This suggests an obstruction to egress of air from the abnormal lung. In addition the low rate of air entering when inflating the abnormal lung implies that an obstruction to air entering is also present in that lung.
In Case 3 the chest was compressed manually immediately before the weighted spirometer was attached to one side of the catheter. At the same time the airway to the other lung was occluded. The compression of the chest wall was relaxed at the same time as the occluded outlet tube of the weighted spirometer was released. The abnormal lung took about six times longer to receive a given volume of air than the normal lung. The oesophageal pressure became negative when inflating the abnormal lung: no similar negative pressure developed when inflating the normal lung. After manual compression of the chest recoil of the chest wall tends to produce a negative intrathoracic pressure.
When the normal lung was connected to the spirometer Fair passed rapidly into the lung and counteracted this tendency to produce a negative pressure. When the abnormal lung was connected to the spirometer, air flow into the lung was too slow to counteract the recoil of the chest wall.
The investigation into air flow carried out in Cases 2 and 3 suggests that there is a high-grade obstruction to air entering and leaving in the abnormal lung.
The procedure in Case 3 is important because the findings appear to exclude the concept of valvular air trapping within the abnormal lung. If a valvular obstruction with air trapping distal to the obstruction was present, the inflow of air from the weighted spirometer would be expected to prevent the development of a negative oesophageal pressure when the abnormal lung was inflated after release of chest compression.
(4) BLOOD GAS ANALYSIs.-Arterial blood samples were analysed. These were taken at rest and on moderate exercise. In Case 2 the arterial oxygen saturation was normal, but showed a mild reduction on exercise. The carbon dioxide tension was normal. The blood became acid on (Table IV) .
not due to retention of oxygen saturations were 1, but showed the same DISCUSSION The physical signs that were found in these three patients were such as have been noted in all descriptions of this disorder. There was diminished expansion and absent or weak breath sounds on the affected side. Fine rales were audible over the abnormal lung. There was no evidence of neuromuscular disorder, disease of the joints, or deformity of the thoracic cage. The radiographic features consisted essentially of relative oligaemia, marked ventilatory impairment, and mild reduction in size of one lung.
Studies of the ventilatory function of both lungs together indicated some impairment as illustrated by the reduction of the vital capacity and indirect M.B.C. The impaired mixing efficiency suggested some form of resistance to air flow preventing normal ventilation of the lungs. Bronchospirometry confirmed that the impairment was unilateral, a decrease in ventilation being coupled with the diminished oxygen uptake.
Study of the lung volumes of the abnormal lung showed a reduced tidal volume and vital capacity but an increased residual volume in relation to the total volume of that lung. It 
